New high-precision measurements of the isotropic as well as of three directional Compton spectra of lithium hydride have been carried out using 24 'Am as a y-ray source. In order to account for the extreme sensitivity of LiH powder to atmospheric moisture, the final data (i.e. the reciprocal form factor) were corrected for the LiOH content determined by titrimetric analysis. For the interpretation of the data, theoretical calculations were carried out using a Hartree-Fock program for periodic systems (CRYSTAL). Basis sets published by Dovesi et al. were used, one of which allows for polarisation of both the hydride and lithium ions. Comparison of the theoretical data with the experiment shows much better agreement of the results of complete solid-state calculations that take into account higher-order effects (polarisation and covalency) than those obtained by Löwdin orthogonalisation of free-ion wave functions (which assumes pure ionicity, neglecting all but firstorder effects). The influence of further polarisation functions on the reciprocal form factor is investigated and discussed. The remaining discrepancies are attributed to electron-electron correlation.
Introduction
The Fourier transform of (directional or isotropic) Compton profiles -the so-called reciprocal form factor B{s) -directly mirrors the autocorrelation properties of the one-electron wave functions in position space, thus yielding valuable information about the nature of chemical bonding, e.g. in a solid [1] [2] [3] . Comparison between highly accurate experimental data and various calculated B(s) is therefore a powerful tool for testing the validity of different quantumchemical models for chemical bonding; it has also turned out to yield a sensitive indicator for the quality of basis sets. In particular it is possible to investigate the importance of higher-order vs. first-order bonding effects. Since the Fourier transform of a directional Compton profile is a data vector consisting of the functional values of the three-dimensional B(s) along a line parallel to the experimental scattering vector, one can discuss bonding effects in different directions separately.
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LiH as the simplest binary compound that is experimentally accessible in bulk has been the subject of numerous position and momentum density measurements as well as of calculations of the isolated molecule, clusters and the bulk compound (cf. [3] [4] [5] [6] [7] [8] ). As for the Compton profiles, no quantitative agreement between experiment and various theoretical models has yet been achieved [3, 7, 8] .
The aim of our investigations was therefore to eliminate as many experimental errors as possible -to correct for impurities produced by hydrolysis of the LiH powder, to have good counting statistics, and, of course, to account properly for the various systematic errors of the scattering experiment. Only then reliable statements about the validity of various theoretical models become possible.
Experiment
For the powder measurements, high-purity LiH (99.5%, ESPI, grain size 8-35 mesh) was pulverised in a mortar. The single crystals were provided by the Crystal Growth Laboratory, University of Utah.
The samples were prepared in a glove box with dry air (relative humidity <1%). When cutting the crystals into slices, they were continuously handled under thoroughly dried paraffin.
0932-0784 / 93 / 0100-0303 $ 01.30/0. -Please order a reprint rather than making your own copy.
The titrimetric analysis of the LiH powder was carried out using the method described by Kotova et al. [9] before and after each measurement. The powder samples contained a mole fraction of 1.06-1.36% LiOH (weighted mean value), but no carbonate. A B(s) curve of LiOH (taken from [10] ) was then used to correct the LiH raw data.
The spectra were measured under vacuum using a 241 Am y-ray source. Atmospheric moisture was kept off by phosphorus pentoxide. The scattered photons were detected under a scattering angle of cp = 163.7° for the powder and 159° for the single-crystal measurements, using a planar intrinsic Ge detector with pulsed optical feedback (Princeton Gamma Tech). The full width at half maximum of the angular distribution of scattering angles was ^<P FW hm -5-6° in the powder and zl(p FWHM = 3.0° in the single-crystal measurements. The FWHM of the angular distribution of scattering vectors was A(p k y = 3.4° within and Acp k x = 3.9° perpendicular to the scattering plane. The overall experimental resolution (detector plus angular distribution of scattering angles) was zlg FWHM = 0.58 p 0 (powder) and 0.542 p 0 (single crystals), resp. (p 0 = h/a 0 = 1.99289 • 10" 24 kg m/s).
The data processing was performed using a program package based upon correction methods of Weyrich [11] and Bachmann [12] . The reciprocal form factor was obtained by Fourier transformation of the Compton profile in the momentum range -11.083 p 0 <q<+11.083 p 0 , yielding a stepwidth of As = 0.15 Ä in the s-domain. The multiple scattering was corrected for by extrapolating the final results to zero sample thickness [11] with the exception of the range s > 2.1 Ä of the single-crystal curves, where the raw data were used because of negligible influence of multiple scattering.
Theory
Calculations were performed using the HartreeFock program for periodic systems "CRYSTAL" of Pisani, Dovesi and Roetti (1988 version, see [13] ). The influence of various basis sets on B(s) in the three directions of close interionic contact, <100), <110>, and <111), was tested. The B(s) curves were obtained from the density matrix in position representation by making use of the cyclicity of the matrix (translational invariance) and expressing it in terms of basis functions ' + 00
(1)
where are the first-order density matrix elements with respect to the (usually atomic) basis functions (p k (r -R k ) centred at the position R k and (p^r-R t -g) located in a unit cell offset by the position-lattice vector g and centred there at the position /?, relative to the origin of that cell.
For the evaluation of first-order bonding effects [14] , a program was written that performs symmetrical Löwdin orthogonalisation [15, 16] of atomic, ionic or molecular wave functions (also generated by CRYSTAL) according to where 
Here, the non-orthogonal eigenvectors of the fragments to be orthogonalised in the geometrical arrangement of the crystal are written as C = {c M }, the orthogonalised ones by C'= {c^}; T is the unitary transformation matrix, and A is the metric matrix containing the over- Convergence of the series expansion (3) was ensured by the scaling method given by Löwdin in 1956 [16] .
Results and Discussion
Although the mole fraction of LiOH in the samples never exceeded 1.4%, the correction to the reciprocal form factor B(s) turned out to be non-negligible in the range of 0 < s < 1 Ä owing to the greater number of electrons per formula unit of LiOH in comparison to LiH and the faster decaying oxygen core contribution to B(s) (Figure 1 ). Only when this correction is included, the powder B (s) curve is very close to the mean value of the directional B(s) over the whole range of s. In the range of larger s-values, however, B(s) is not affected significantly.
The comparison between the various crystallographic directions shows that the anisotropy of the [6] , analysed in [3] ), which were limited to the orthogonalisation of the wave functions of isolated ions in the geometrical arrangement of the crystal structure (first-order interactions, see above). Nevertheless, still the most negative orbital autocorrelation occurs in the <110>-direction, where the overlap between the diffuse charge distributions of adjacent hydride ions reaches a maximum with respect to the other directions (for a detailed discussion, see [3] ).
The assessment of higher-order effects by direct comparison between Aikala's data and the present CRYSTAL results, however, is complicated by two ystalline Lithium Hydride further effects that are due to the employed basis sets and that must be minimised or taken into account:
1. The different shape of Slater-and Gaussian-type orbitals might produce different artefacts in B(s). Therefore, as indicated above, Gaussian wave functions for the free ions were used to perform Löwdin orthogonalisation. For the Li + ion, a basis set of Sasagane et al. [17] was used. The resulting total energy differs only by 10 -3 £ h from the value of -7.2364121 £ h given by Clementi [18] . For the H" ion, a basis set was developed that yields a total energy of -0.4870899 E h (Hartree-Fock limit: -0.4879297 £ h [19] ). Its exponents and coefficients are listed in Table 1. 2. In order to eliminate the basis-set superposition error (BSSE, [20, 21] ), the free-ion wave functions ought to be corrected, e.g. by the counterpoise method. A check of the BSSE in the reciprocal form factor of the free ions with the basis sets mentioned above was therefore performed and found to be insignificant over the whole s-range, compared to the experimental error.
All B{s) curves in this paper -experimental and theoretical ones -are attenuated with a Gaussian function and the statistical precision of the experimental data are given in Tables 2-5 . By inversion of (6), unattenuated values are easily obtained. The experimental error margins, however, increase with 1/G(s) in that case.
Figures 2-4 show the experimental directional curves together with Aikala's data for SOSTIOs (symmetrically orthogonalised Slater-type ion orbitals) and the new data for SOGTIOs (symmetrical orthogonalised Gauss-type ion orbitals) as well as with the CRYSTAL results using the best-possible basis set (EBS, see [8] ).
In order to demonstrate how the crystal basis set influences the quality of ß(s), the results of CRYSTAL calculations of the three directional reciprocal form factors «100), <110), and <111» are shown in Figs. 6-8, again with the experimental data as a reference.
The quality of the free-ion and crystal basis sets varies as follows:
-The free-ion basis sets for our SOGTIOs are the one of Sasagane et al. [17] for Li + and the one given in Table 1 for H~, as already mentioned; -EBS (extended basis set) possesses p-type polarisation functions on both ions [8] .
In the <100>-direction, the first-order calculation is particularly insufficient to take into account the solidstate effect (including co valency at the nearest cationanion distance), whereas the infinite-order Hartree- (Figs. 3 and 7 ).
In the <11 Indirection with the largest interionic distance the agreement is much better for both types of (Figs. 4 and 8) . The spherically averaged curves are shown in Figure 5 .
Furthermore, the Slater vs. Gaussian effect is visible, but does not affect the overall discussion of the results for the <100) and the <110>-direction.
It is possible to assume that addition of a d-shell density in crystalline LiH, they can be expected to be rather significant.
Conclusion
In the present work we have tried to show that in the Figure 6 . Fig. 8 . B a (s) of LiH, <11 Indirection, theory vs. experiment. Line styles as in Figure 6 . surements of Calder et al. [24] , corroborated by Vidal and Vidal-Valat [25, 26] ). Nevertheless, covalency (incomplete charge transfer from lithium to hydrogen in the atomic or backbonding from H -to Li + in the ionic picture) and polarisation of the crystal wave function have to be considered as well. However, owing to the presence of numerous neighbouring atoms, which already provide basis functions for symmetryadapted polarisation, it is not necessary to include a large number of angular polarisation functions. Finally, the remaining discrepancies between the experiment and the Hartree-Fock calculation with a sufficiently saturated basis set point out the importance of electron-electron correlation also in an ionic crystal such as LiH.
